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(57) Abstract: A system for radially expand- 
ing tubular members (18) includes an expan- 
sion device (14) and a vibratory device (16) 
that generates vibratory energy for agitating at 
least one of the expansion device (16) and/or 
the expandable tubular member (18). 



-12a 



-18b 



-24 



-14b 



-14 



-20a 



WO 2004/053434 A3 llllllllilllillliniiliiilEliailll 



Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE, 
ES,F1,FR, GB, GR, HU, IE, IT, LU. MC, NL, PT, RO, SE, 
SI, SK, TRX OAPI patent (BF, BJ, CF, CG, CI, CM, GA, 
GN, GQ, GW, ML, MR, NE, SN, TD, TG). 

Declaration under Rule 4.17: 

— of inventorship (Rule 4. 1 7( iv)) for US only 

Published: 

— with international search report 



— with amended claims 

(88) Date of publication of the international search report: 

26 August 2004 

Date of publication of the amended claims: 1 6 December 2004 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



WO 2004/053434 



PCT/US2003/038550 



AMENDED CLAIMS 
[received by the International Bureau on 1 1 August 2004 ( 1 1 ,08.2004V 
new claims 1 1 1-147 added; remaining claims unchanged (24 pages)] ' 



In the Claims : 

Thb listing of claims will replace all prior versions, and listings, of claims In the 
application. 

1 . (Original) An apparatus for radially expanding and plastically deforming an expandable 

tubular member, comprising: 

an expansion device movable In the expandable tubular member for radially 
expanding and plastically deforming the expandable tubular member 
and 

a vibratory device coupled to the expansion device for generating vibratory 
energy to agitate at least one of the expandable tubular member and 
the expansion device. 

2. (Original) The apparatus of daim 1 , wherein the expansion device comprises: 

a tapered expansion cone. 
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3. (Original) The apparatus of claim 2, wherein the expansion device further comprises: 

an actuator coupled to the tapered expansion cone for displacing the tapered 
expansion cone in an axial direction relative to the expandable tubular 
member. 

4. (Original) The apparatus of dalm 3, wherein the expansion device further comprises: 

a locking device coupled to the actuator for fixing the position of the expandable 
tubular member relative to the actuator during the axial displacement of the 
expansion cone relative to the expandable tubular member. 

5. (Original) The apparatus of claim 1 , wherein the expansion device comprises: 

a rotary expansion device. 

6. (Original) The apparatus of claim 1 , wherein the vibratory device is positioned within a 
non-expanded portion of the expandable tubular member. 

7. (Original) The apparatus of dalm 1 , wherein the vibratory device is positioned within an 
expanded portion of the expandable tubular member. 

8. (Original) The apparatus of dalm 1 , wherein the vibratory device is positioned within the 
expansion device. 

9. (Original) The apparatus of dalm 1 , wherein the vibratory device comprises a plurality 
of vibratory devices. 

1 0. (Original) The apparatus of claim 9, wherein at least one of the vibratory devices Is 
positioned within a non-expanded portion of the expandable tubular member. 

1 1 . (Original) The apparatus of dalm 10, wherein at least another one of the vibratory 
devices is positioned within an expanded portion of the expandable tubular member. 

12. (Original) The apparatus of dalm 10, wherein at least another one of the vibratory 
devices Is positioned within the expansion device. 
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13. (Original) The apparatus of claim 1 1, wherein at least another one of the vibratory 
devices Is positioned within the expansion device. 

14. (Original) The apparatus of claim 9, wherein at least one of the vibratory devices Is 
positioned within an expanded portion of the expandable tubular member. 

15. (Original) The apparatus of dalm 14, wherein at least another one of the vibratory 
devices is positioned within the expansion device. 

1 6. (Original) The apparatus of claim 9, wherein at least another one of the vibratory 
devices is positioned within the expansion device. 

15. (Original) The apparatus of claim 1, wherein the vibratory device comprises: 

a fluid powered vibratory device. 

1 6. (Original) The apparatus of claim 1 , wherein the vibratory eneigy comprises: 

vibratory energy in one or more planes. 

17. (Original) The apparatus of claim 16, wherein the vibratory energy comprises: 

vibratory energy having a frequency distribution having one or more center 
frequencies. 

1 8. (Original) The apparatus of claim 1 7, wherein the vibratory energy comprises: 

vibratory energy having a frequency distribution having a plurality of center 
frequencies. 

19. (Original) The apparatus of daim 16, wherein the vibratory energy comprises: 

vibratory energy in a plurality of planes. 

20. (Original) The apparatus of daim 19, wherein the vibratory energy comprises: 

vibratory energy having a frequency distribution having one or more center 
frequendes. 
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21 . (Original) The apparatus of claim 20, wherein the vibratory energy comprises: 

vibratory energy having a frequency distribution having a plurality of center 
frequencies. 

22. (Original) The apparatus of claim 1 , wherein the vibratory energy comprises: 

vibratory energy having a frequency distribution having one or more center 
frequencies. 

23. (Original) The apparatus of claim 22, wherein the vibratory energy comprises: 

vibratory energy having a frequency distribution having a plurality of center 
frequencies. 

24. (Original) The apparatus of daim 1 , wherein the magnitude of the vibratory energy is 

variable. 

25. (Original) The apparatus of claim 1, wherein the magnitude of the vibratory energy is 

constant 

26. (Original) The apparatus of daim 1 , wherein the plane of the vibratory energy is 

variable. 

27. (Original) The apparatus of daim 1 , wherein the plane of the vibratory energy Is 

constant 

28. (Original) The apparatus of daim 1, wherein the expandable tubular member comprises 

a welbore casing. 

29. (Original) The apparatus of claim 1, wherein the expandable tubular member comprises 

a pipeline. 

30. (Original) The apparatus of daim 1 . wherein the expandable tubular member comprises 

a structural support 

31- (Original) A method of radially expanding and pfasfically deforming an expandable 
tubular member, comprising: 
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radially expanding and plastically deforming the expandable tubular member 

using an expansion device; atjtd 
injecting vibratory energy into at least one of the expandable tubular member 

and the expansion device. J 

i 

32. (Original) The method of dalm 31, further comprising: 

displacing the expansion device in an axial direction relative to the expandable 
tubular member during the radial expansion and plastic deformation. 

33. (Original) The method of claim 32, further comprising: 

fixing the position of the expandable tubular member relative to the expansion device 
during the axial displacement of the expansion device relative to the 
expandable tubular member. 

34. (Original) The method of daim 31 , further comprising: 

rotating the expansion device during the radial expansion and plastic deformation of 
the expandable tubular member. 

35. (Original) The method of daim 31 , wherein the vibratory energy is injected from a 
location within a non-expanded portion of the expandable tubular member. 

36. (Original) The method of daim 31 , wherein the vibratory energy is injeded from a 
location within an expanded portion of the expandable tubular member. 

37. (Original) The method of daim 31, wherein the vibratory energy is Injeded from a 
location within the expansion device. 

38. (Original) The method of daim 31 . wherein the vibratory energy Is Injected from a 
plurality of locations. 

39. (Original) The method of daim 38, wherein at least some portion of the vibratory energy 
(s injected from a location within a non-expanded portion of the expandable tubular member. 
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40. (Original) The method of claim 39, wherein at least another portion of the vibratory 
energy is injected from a location within an expanded portion of the expandable tubular 
member. 

41. (Original) The method of claim 39, wherein at least another portion of the vforatory 
energy Is Injected from a location within the expansion device. 

42. (Original) The method of claim 40, wherein at least another portion of the vibratory 
energy Is injected from a location within the expansion device. 

43. (Original) The method of claim 38, wherein at least some portion of the vibratory energy 
is Injected from a location within an expanded portion of the expandable tubular member. 

44. (Original) The method of claim 43, wherein at least another portion of the vibratory 
energy Is injected from a location within the expansion device. 

45. (Original) The method of claim 38, wherein at least a portion of the vibratory energy Is 
Injected from a location within the expansion device. 

46. (Original) The method of claim 31 , wherein injecting vibratory energy into at least one of 

the expandable tubular member and the expansion device comprises: 
Injecting fluldic materials into the expandable tubular member. 

47. (Original) The method of dalm 31, wherein the vibratory energy comprises: 

vibratory energy in one or more planes. 

48. (Original) The method of claim 47, wherein the vibratory energy comprises: 

vibratory energy having a frequency distribution having one or more center 
frequencies. 

49. (Original) The method of claim 48, wherein the vibratory energy comprises: 

vibratory energy having a frequency distribution having a plurality of center 
frequencies. 
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60. (Original) The method of claim 47, wherein the vibratory energy comprises: 
vibratory energy in a plurality of planes. 

51 . (Original) The method of dalrn 60, wherein the vibratory energy comprises: 

vibratory energy having a frequency distribution having one or more center 
frequencies. 

52. (Original) The method of claim 51 , wherein the vibratory energy comprises: 

vibratory energy having a frequency distribution having a plurality of center 
frequencies. 

53. (Original) The method erf claim 31 , wherein the vibratory energy comprises: 

vibratory energy having a frequency distribution having one or more center 
frequencies. 

54. (Original) The method of claim 53, wherein the vibratory energy comprises: 

vibratory energy having a frequency distribution having a plurality of center 
frequencies. 

55. (Original) The method of dalm 31 , wherein the magnitude erf the vibratory energy is 

variable. 

56. (Original) The method of claim 31 , wherein the magnitude of the vibratory energy Is 

constant 

57. (Original) The method of claim 31 , wherein the plane of the vibratory energy is variable. 

58. (Original) The method of claim 31 , wherein the plane of the vibratory energy is constant. 

59. (Original) The method of claim 31 , wherein the expandable tubular member comprises 

a weibore casing. 

60. (Original) The method of claim 31, wherein the expandable tubular member comprises 

a pipeline. 
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61 . (Original) The method of claim 31 , wherein the expandable tubular member comprises 

a structural support 

62. (Original) The apparatus of claim 1, wherein the vibratory device coupled to the 
expansion device generates vibratory energy to agitate the expandable tubular member and 
the expansion device. 

63. (Original) The method of -claim 31 , further comprising: 

Injecting vibratory energy into the expandable tubular member and the expansion device. 

64. (Original) A system for radially expanding and plastically deforming an expandable 

tubular member, comprising: 

means for radially expanding and plastically deforming the expandable 

tubular member using an expansion device; and 
means for injecting vibratory energy into at least one of the expandable 

tubular member and the expansion device. 

65. (Original) The system of claim 64, further comprising: 

means for displacing the expansion device In an axial direction relative to the 
expandable tubular member during the radial expansion and plastic 
deformation. 

66. (Original) The system of claim 65, further comprising: 

means for fixing the position of the expandable tubular member relative to the means 
for displacing the expansion device during the axial displacement of the 
expansion device relative to the expandable tubular member. 

67. (Original) The system of claim 64, further comprising: 

means for rotating the expansion device during the radial expansion and plastic 
deformation of the expandable tubular member. 

68. (Original) The system of claim 64, wherein the vibratory energy is injected from a 
location within a non-expanded portion of the expandable tubular member. 



AMENDED SHEET (ARTICLE 19) 



WO 2004/053434 



PCT/US2003/038550 



69. (Original) The system of claim 64, wherein the vibratory energy is Injected from a 
location within an expanded portion of the expandable tubular member. 

70. (Original) The system of claim 64, wherein the vibratory energy is Injected for a location 
within the expansion device. 

71 . (Original) The system of claim 64, wherein the vibratory energy 1$ Injected frpm a 
plurality of locations. 

72. (Original) The system of claim 71 , wherein at least some portion of the vibratory energy 
is injected from a location within a non-expanded portion of the expandable tubular member. 

73. (Original) The system of claim 72, wherein at least another portion of the vibratory 
energy is Injected from a location within an expanded portion of the expandable tubular 
member. 

74. (Original) The system of claim 72, wherein at least another portion of the vibratory 
energy is Injected from a location within the expansion device. 

75. (Original) The system of daim 73, wherein at least another portion of the vibratory 
energy Is Injected from a location within the expansion device. 

76. (Original) The system of claim 71 , wherein at least some portion of the vibratory energy 
is injected from a location within an expanded portion of the expandable tubular member. 

77. (Original) The system of claim 76, wherein at least another portion of the vibratory 
energy is Injected from a location within the expansion device. 

78. (Original) The system of claim 71 , wherein at least a portion of the vibratory energy is 
injected from a location within the expansion device. 

79. (Original) The system of claim 64, wherein injecting vibratory energy Into at least one of 

the expandable tubular member and the expansion device comprises: 
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injecting fluldlc materials Into the expandable tubular member. 

80. (Original) The system of daim 64, wherein the vibratory energy comprises: 

vibratory energy in one or more planes. 

81 . (Original) The system of claim 80, wherein the vibratory energy comprises: 

vibratory energy having a frequency distribution having one or more center 
frequencies. 

82. (Original) The system of claim 81 , wherein the vibratory energy comprises: 

vibratory energy having a frequency distribution having a plurality of center 
frequencies. 

83. (Original) The system of claim 80, wherein the vibratory energy comprises: 

vibratory energy in a plurality of planes. 

84. (Original) The system of claim 83, wherein the vibratory energy comprises: 

vibratory energy having a frequency distribution having one or more center 
frequencies. 

85. (Original) The system of claim 84, wherein the vforatory energy comprises: 

vibratory energy having a frequency distribution having a plurality of center 
frequencies. 

86. (Original) The system of claim 64, wherein the vibratory energy comprises: 

vibratory energy having a frequency distribution having one or more center 
frequencies. 

87. (Original) The system of claim 86, wherein the vibratory energy comprises: 

vibratory energy having a frequency distribution having a plurality of center 
frequencies. 

88. (Original) The system of claim 64, wherein the magnitude of the vibratory energy is 

variable. 
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89. (Original) The system of claim 64, wherein the magnitude of the vibratory energy is 

constant 

90. (Original) The system of claim 64, wherein the plane of the vibratory energy is variable. 

91 . (Original) The system of claim 64, vrtierein the plane of the vibratory energy is constant. 

92. (Original) The system of claim 64, wherein the expandable tubular member comprises a 

welbore casing. 

93. (Original) The system of claim 64, wherein the expandable tubular member comprises a 

pipeline. 

94. (Original) The system of daim 64, wherein the expandable tubular member comprises a 

structural support. 

96. (Original) The system of daim 64, farther comprising: 

means for injecting vibratory energy into the expandable tubular member and the expansion 
device. 

96. (Original) The apparatus of claim 19, wherein one of the planes is radial; and wherein 

another one of the planes is longitudinal. 

97. (Original) The method of claim 50, wherein one of the planes Is radial; and wherein 

another one of the planes is longitudinal. 

98. (Original) The system of daim 83, wherein one of the planes is longitudinal; and 

wherein another one of the planes is radial. 

99. (Original) The apparatus of daim 1, further comprising: 

a vibratory device coupled to the expansion device for generating vibratory 
energy to impart rotation to the expansion device. 
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100. (Original) The method of claim 31, further comprising: 

injecting vibratory energy into the expansion device to Impart rotation to the 
expansion device. 

101. (Original) The system of dalm 84, further comprising: 

means for injecting vibratory energy Into the expansion device to Impart 
rotation to the expansion device. 

102. (Original) A system for radially expanding and plasticaly deforming an expandable 

tubular member, comprising: 

means for radially expanding and plastically deforming the expandable tubular 
member; and 

means for reducing the required radial expansion forces during the radial expansion 
and plastic deformation of the expandable tubular member. 

103. (Original) The apparatus of claim 1, wherein the vibratory device is adapted to Impact 

the expandable tubular member. 

104. (Original) The method of claim 31, wherein injecting vibratory energy into at least one of 
the expandable tubular member and the expansion device, comprises: 

Impacting the expandable tiAuIar member. 

105. (Original) The systBm of claim 64, wherein means for Injecting vibratory energy into at 
least one of the expandable tubular member and the expansion device, comprises: 

means for impacting the expandable tubular member. 

106. (Original) The apparatus of daim 1, wherein the vibratory device is adapted to impact 

the expansion device. 

107. (Original) The method of claim 31, wherein Injecting vibratory energy into at least one of 
the expandable tubular member and the expansion device, comprises: 

impacting the expansion device. 
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108. (Original) The system of claim 64, wherein means for Irtfecting vibratory energy into at 
least one of the expandable tubular member and the expansion device, comprises: 

means for Impacting the expansion device. 

109. (Original) The method of claim 31, further comprising: 

inserting the expansion device and the expandable tubular member into a 

preexisting structure; and 
injecting vibratory energy Into at least one of the expandable tubular member 

and the expansion device during the insertion. 

110. (Original) The method of claim 31, further comprising: 

removing the expansion device and the expandable tubular member from a 

preexisting structure; and 
injecting vibratory energy Into at least one of the expandable tubular member 

and the expansion device during the removal. 



111. (New) An apparatus for radially expanding and plastically deforming an expandable 
tubular member, comprising: 

an expansion device movable in the expandable tubular member for radially 
expanding and plastically deforming the expandable tubular member 
and 

a vibratory device coupled to the expansion device for generating vibratory 
energy to agitate at least one of the expandable tubular member and 
the expansion device; 

wherein the expansion device comprises one or more external arcuate 
spherical surfaces. 



1 1 2. (New) An apparatus for radially expanding and plastically deforming an expandable 
tubular member, comprising: 

an expansion device movable in the expandable tubular member for radially 
expanding and plastically deforming the expandable tubular member; 
and 
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a vibratory device coupled to the expansion device for generating vibratory 
energy to agitate at least one of the expandable tubular member and 
the expansion device; 

wherein the expansion device comprises one or more external arcuate 
elliptical surfaces. 



1 13. (New) An apparatus for radially expanding and plastically deforming an expandable 
tubular member, comprising: 

an expansion device movable in the expandable tubular member for radially 
expanding and plastically deforming the expandable tubular member; 
and 

a vibratory device coupled to the expansion device for generating vibratory 
energy to agitate at least one of the expandable tubular member and 
the expansion device; 

wherein the expansion device comprises one or more external arcuate 
hyperbolic surfaces. 



1 14. (New) An apparatus for radially expanding and plastically deforming an expandable 
tubular member, comprising: 

an expansion device movable in the expandable tubular member for radially 
expanding and plastically deforming the expandable tubular member, 
and 

a vibratory device coupled to the expansion device for generating vibratory 
energy to agitate at least one of the expandable tubular member and 
the expansion device; 

wherein the expansion device comprises one or more external arcuate 
surfaces that are faceted. 



1 1 5. (New) A method of radially expanding and plastically deforming an expandable 
tubular member, comprising: 

radially expanding and plastically deforming the expandable tubular member 

using an expansion device; and 
Injecting vibratory energy Into at least one of the expandable tubular member 
and the expansion device; 



AMENDED SHEET (ARTICLE 19) 



WO 2004/053434 



PCT/US2003/038550 



wherein the expansion device comprises one or more external arcuate 
spherical surfaces. 

1 16. (New) A method of radially expanding and plastically deforming an expandable 

tubular member, comprising: 

radially expanding and plastically deforming the expandable tubular member 

using an expansion device; and 
Injecting vibratory energy Into at least one of the expandable tubular member 

and the expansion device; 
wherein the expansion device comprises one or more external arcuate 

elliptical surfaces. 

1 17. (New) A method of radially expanding and plastically deforming an expandable 

tubular member, comprising: 

radially expanding and plastically deforming the expandable tubular member 

using an expansion device; and 
Injecting vibratory energy into at least one of the expandable tubular member 

and the expansion device; 
wherein the expansion device comprises one or more external arcuate 

hyperbole surfaces. 

.118. (New) A method of radially expanding and plastically deforming an expandable 
tubular member; comprising: 

radially expanding and plastically deforming the expandable tubular member 

using an expansion device; and 
Injecting vibratory energy into at least one of the expandable tubular member 

and the expansion device; 
wherein the expansion device comprises one or more external arcuate 
surfaces that are faceted. 

1 1 9. (New) An apparatus for radially expanding and plastically deforming an expandable 
tubular member, comprising: 
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an expansion device movable in the expandable tubular member for radially 
expanding and plastically deforming the expandable tubular member; 
and 

a vibratory device coupled to the expansion device for generating vibratory 
energy to agitate at least one of the expandable tubular member and 
the expansion device; 

wherein the expansion device comprises a rcrtaiy expansion device. 



120. (New) A method of radially expanding and plastically deforming an expandable 

tubular member, comprising: 

radially expanding and plastically deforming the expandable tubular member 
by rotating an expansion device within the expandable tubular 
member, and 

injecting vibratory energy into at least one of the expandable tubular member 
and the expansion device. 

121 . (New) An apparatus for radially expanding and plastically deforming en expandable 

tubular member, comprising: 

an expansion devioe movable In the expandable tubular member for radially 
expanding and plastically deforming the expandable tubular member, 
and 

a vibratory device coupled to the expansion device for generating vibratory 
energy to agitate at least one of the expandable tubular member and 
the expansion device; 

wherein the vibratory device is positioned within an expanded portion of the 
expandable tubular member. 



122. (New) A method of radially expanding and plastically deforming an expandable 
tubular member, comprising: 

radially expanding and plastically deforming the expandable tubular member 
by using an expansion device within the expandable tubular member, 
and 
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injecting vibratory energy into at least one of the expandable tubular member 
and the expansion device from a location within the radially expanded 
and plastically deformed portion of the expandable tubular member. 

1 23. (New) An apparatus for radially expanding and plastically defoimlng an expandable 

tubular member, c uprising: 

an expansion device movable In the expandable tubular member for radially 
expanding and plastically deforming the expandable tubular member; 
and 

a vibratory device coupled to the expansion device for generating vibratory 
energy to agitate at least one of the expandable tubular member and 
the expansion device; 

wherein the vibratory device is positioned within the expansion device. 

1 24. (New) A method of radially expanding and plastically deforming an expandable 

tubular member, comprising: 

radialy expanding and plastically deforming the expandable tubular member 
by using an expansion device within the expandable tubular member; 
and 

Injecting vibratory energy into at least one of the expandable tubular member 
and the expansion device from a location within the expansion device. 

1 25. (New) . An apparatus for radialy expanding and plastically deforming an expandable 

tubular member, comprising: 

an expansion device movable In the expandable tubular member for radially 
expanding and plastically deforming the expandable tubular memben 
and 

a vibratory device coupled to the expansion device for generating vibratory 
energy to agitate at least one of the expandable tubular member and 
the expansion device; 

wherein the vibratory device comprises a plurality of vibratory devices. 

1 26. (New) A method of radially expanding and plastically deforming an expandable 

tubular member, comprising: 
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radially expanding and plastically deforming the expandable tubular member 
by using an expansion device within the expandable tubular member; 
and 

injecting vibratory energy Into at least one of the expandable tubular member 
and the expansion device from a plurality of discrete spaced apart 
locations. 

1 27. (New) An apparatus for radially expanding and plastically deforming an expandable 

tubular member, comprising: 

an expansion device movable in the expandable tubular member for radially 
expanding and plastically deforming the expandable tubular member, 
and 

a vibratory device coupled to the expansion device for generating vibratory 
energy to agitate at least one of the expandable tubular member and 
the expansion device; 

wherein the vibratory energy comprises vibratory energy having a frequency 
distribution having a plurality of center frequencies. 

128. (New) A method of radially expanding and plastically deforming an expandable 

tubular member, comprising: 

radially expanding and plastically deforming the expandable tubular member 
by using an expansion device within the expandable tubular member, 
and 

injecting vibratory energy Into at least one of the expandable tubular member 

and the expansion device; 
wherein the vibratory energy comprises vibratory energy having a frequency 

distribution having a plurality of center frequencies. 

1 29. (New) An apparatus for radially expanding and plastically deforming an expandable 

tubular member, comprising: 

an expansion device movable in the expandable tubular member for radially 
expanding and plasticaBy deforming the expandable tubular member, 
and 
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a vibratory device coupled to the expansion device for generating vibratory 

energy to agitate at least one of the expandable tubular member and 

the expansion device; 
wherein the vibratory energy comprises vibratory energy having a frequency 

distribution having a plurality of center frequencies; and 
wherein the vibratory energy comprises vibratory energy In a plurality of 

planes. 

1 30. (New) A method of radially expanding and plastically deforming an expandable 

tubular member, comprising: 

radially expanding and plastically deforming the expandable tubular member 
by using an expansion device within the expandable tubular member 
and 

Injecting vibratory energy Into at least one of the expandable tubular member 

and the expansion device; 
wherein the vibratory energy comprises vibratory energy having a frequency 

distribution having a plurality of center frequencies; and 
wherein the vibratory energy comprises vibratory energy In a plurality of 

planes, 

131 . (New) An apparatus for radially expanding and plastically deforming an expandable 

tubular member, comprising: 

an expansion device movable in the expandable tubular member for radially 
expanding and plastically deforming the expandable tubular member; 
and 

a vibratory device coupled to the expansion device for generating vibratory 
• energy to agitate at least one of the expandable tubular member and 
the expansion device; 
wherein the plane of the vibratory energy Is variable. 

132. (New) A method of radially expanding and plastically deforming an expandable 

tubular member, comprising: 
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radially expanding and plastically deforming the expandable tubular member 
by using an expansion device within the expandable tubular member; 
and 

injecting vibratory energy Into at least one of the expandable tubular member 

and the expansion device; 
wherein the plane of the vibratory energy is variable. 

1 33. (New) An apparatus for radially expanding and plastically deforming an expandable 

tubular member, comprising: 

an expansion device movable in the expandable tubular member for radially 
expanding and plastically deforming the expandable tubular member; 
and 

a vibratory device coupled to the expansion device for generating vibratory 
energy to agitate at least one of the expandable tubular member and 
the expansion device; 

wherein the vibratory energy has a center frequency of about 40 Hz. 

1 34. (New) A method of radially expanding and plastically deforming an expandable 

tubular member, comprising: 

radially expanding and plastically deforming the expandable tubular member 
by using an expansion device within the expandable tubular member; 
and 

injecting vibratory energy into at least one of the expandable tubular member 

and the expansion device; 
wherein the vibratory energy has a center frequency of about 40 Hz. 

135. (New) A system for radially expanding and plastically deforming an expandable 

tubular member, comprising: 

means for radially expanding and plastically deforming the expandable 

tubular member using an expansion device; 
means for injecting vibratory energy Into at least one of the expandable 

tubular member and the expansion device; and 
means for rotating the expansion device during the radial expansion and 

plastic deformation of the expandable tubular member. 
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136. (New) A system for radially oqpanding and plastically deforming an expandable 
tubular member, comprising: 

means for radially expanding and plastically deforming the expandable 

tubular member using an expansion device; and 
means for injecting vibratory energy Into at least one of the expandable 

tubular member and the expansion device from a location within the 
radially expanded and plastically deformed portion of the expandable 
tubular member. 



1 37. (New) A system for radially expanding and plastically defoiming an expandable 

tubular member, comprising: 

means for radially expanding and plastically deforming the expandable 

tubular member using an expansion device; and 
means for injecting vibratory energy Into at least one of the expandable 

tubular member and the expansion device from a location within the 

expansion device. 

1 38. (New) An apparatus for radially expanding and plastically deforming an expandable 

tubular member, comprising: 

an expansion device movable in the expandable tubular member for radially 
expanding and plastically defomrrfng the expandable tubular member; 
and 

a vibratory device coupled to the expansion device for Imparting rotation to 
the expansion device. 

1 39. (New) A method of radially expanding and plastically deforming an expandable 

tubular member, comprising: 

radially expanding and plastically deforming the expandable tubular member 

using an expansion device; and 
Injecting vibratory energy into expansion device to impart rotation to the 

expansion device. 
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140. (New) A method of radially expanding and plastically deforming an expandable 
tubular member, comprising: 

radially expanding and plastically deforming the expandable tubular member using 

an expansion device; and 
increasing the plasticity and formabiltty of the expandable tubular before the radial 

expansion and plastic deformation of the expandable tubular member. 



1 41 . (New) A system for radially expanding and plastically deforming an expandable 
tubular member, comprising: 

means for radially expanding and plastically deforming the expandable tubular 

member using an expansion device; and 
means for Increasing the plasticity and formabillty of the expandable tubular before 

the radial expansion and plastic deformation of the expandable tubular 

member. 



142. (New) A method of radially expanding and plastically deforming an expandable 
tubular member, comprising: 

radially expanding and plastically deforming the expandable tubular member using 

an expansion device; and 
Increasing the plasticity and formabillty of the expandable tubular during the radial 

expansion and plastic deformation of the expandable tubular member. 



1 43. (New) A system for radially expanding and plastically deforming an expandable 
tubular member, comprising: 

means for radially expanding and plastically deforming the expandable tubular 

member using an expansion device; and 
means for increasing the plasticity and formabillty of the expandable tubular during 

the radial expansion and plastic deformation of the expandable tubular 

member. 



144. (New) A method of radially expanding and plastically deforming an expandable 
tubular member, comprising: 

radially expanding and plastically deforming the expandable tubular member using 
an expansion device; 
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Injecting vibratory energy into one or more of the expansion device and the 

expandable tubular member, wherein the injected vibratory energy is provided 
In an initial plane, has an Initial center frequency, and has an Initial amplitude; 
and 

during the radial expansion and plastic deformation of the expandable tubular 
member 

a) Incrementing al least one of the plane, center frequency, and amplitude for 
the I* 



b) monitoring the amount of energy required to continue the radial expansion 

and plastic deformation of the expandable tubular member and 

c) repeating steps a) and b) until the completion of the radial expansion and 

plastic deformation of the expandable tubular member. 

145. (New) A system for radially expanding and plastically deforming an expandable 
tubular member, comprising: 

means for radially expanding and plastically deforming the expandable tubular 

member using an expansion device; 
means for injecting vibratory energy into one or more of the expansion device and 

the expandable tubular member, wherein the Injected vibratory energy is 

provided in an initial plane, has an Initial center frequency, and has an initial 

amplitude; and 

means for during the radial expansion and plastic deformation of the expandable 
tubular member 

a) means for incrementing at least one of the plane, center frequency, and 

amplitude for the Injected vibratory energy; 

b) means for monitoring the amount of energy required to continue the radial 

expansion and plastic deformation of the expandable tubular member; 
and 

c) means for repeating steps a) and b) until the completion of the radial 

expansion and plastic deformation of the expandable tubular member. 

146. (New) A method of radially expanding and plastically deforming an expandable 
tubular member, comprising: 
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radially expanding and plastically deforming the expandable tubular member using 

an expansion device; 
Injecting vibratory energy into one or more of the expansion device and the 

expandable tubular member, wherein the Injected vibratory energy is provided 

in an Initial plane, has an Initial center frequency, and has an initial amplitude; 

and 

during the radial expansion and plastic deformation of the expandable tubular 
member 

a) Incrementing two or more of the plane, center frequency, and amplitude for 

the Injected vibratory energy; 

b) monitoring the amount of energy required to continue the radial expansion 

and plastic deformation of the expandable tubular member; and 

c) repeating steps a) and b) until the completion of the radial expansion and 

plastic deformation of the expandable tubular member. 

147. (New) A system for radially expanding and plastically deforming an expandable 
tubular member, comprising: 

means for radially expanding and plastically deforming the expandable tubular 

member using an expansion device; 
means for Injecting vibratory energy into one or more of the expansion device and 
the expandable tubular member, wherein the Injected vibratory energy is 
provided in an initial plane, has an initial center frequency, and has an initial 
amplitude; and 

means for during the radial expansion and plastic deformation of the expandable 
tubular member 

a) means for Incrementing two or more of the plane, center frequency, and 

amplitude for the injected vibratory energy; 

b) means for monitoring the amount of energy required to continue the radial 

expansion and plastic deformation of the expandable tubular member, 
and 

c) means for repeating steps a) and b) until the completion of the radial 

expansion and plastic deformation of the expandable tubular member. 
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